for the TIME-CHF Investigators* Background--The prognostic value of the change in heart rate from the supine to upright position (ΔHR) in patients with chronic heart failure (HF) is unknown.
A utonomic dysfunction is a typical phenomenon in patients with chronic heart failure (HF). 1 Measures of more advanced autonomic dysfunction are indicators of the severity of HF and adverse prognosis. [2] [3] [4] [5] [6] They may include heart rate variability, 4, 7 heart rate recovery, 3 baroreflex sensitivity, 5 measurement of norepinephrine spillover, 2, 7 and muscle nerve sympathetic activity. 8 However, the techniques needed to identify these are complex, and their application requires considerable infrastructure and time and are, therefore, not well suited for serial testing in clinical practice. Less sophisticated tests of autonomic function are not available in HF patients yet. However, an easy and quick test for assessing autonomic function that provides prognostic information in HF patients would be highly desirable. In contrast to the situation in HF, a battery of simple tests based on the heart rate (HR) and blood pressure response to a variety of maneuvers has been in clinical use for decades for the assessment of diabetic autonomic neuropathy. 9 One of these tests assesses the HR response to standing using continuous ECG monitoring of HR and RR intervals, respectively. The normal response to standing is characterized by a rapid baroreceptor-mediated rise in HR, which peaks around the 15th beat (shortest RR interval), followed by a relative bradycardia with a maximum RR interval around the 30th beat after getting up. The ratio of the longest (~30th beat) and shortest (~15th beat) RR intervals ("30/15 ratio") is used to describe this HR response. However, after the 30th beat, the HR remains elevated compared to the supine baseline in the presence of an intact sympathicovagal balance, and patients with diabetic neuropathy are characterized not only by a low 30/15 ratio but also by a lack of or a severely overall blunted rise in HR from the supine to the standing position. 10 Thus, the change in HR following getting up from the supine to the upright position (ΔHR) might be a simple test to assess the degree of autonomic dysfunction in patients with chronic HF, which may also predict prognosis, but this has not yet been investigated. Therefore, we have prospectively measured ΔHR in patients with chronic HF included in the Trial of Intensified Medical Therapy in Elderly Patients with Congestive Heart Failure (TIME-CHF) 11, 12 to describe the association of ΔHR with clinical characteristics in an elderly HF cohort and to evaluate its prognostic value.
Methods

Study Population and Protocol
This is a post-hoc analysis of TIME-CHF (isrctn.org identifier ISRCTN43596477). Design 11 and main results 12 of TIME-CHF have been published previously. In brief, TIME-CHF was a randomized, controlled multicenter trial comparing an N-terminal pro-B-type natriuretic peptide (NT-proBNP)-guided vs a symptom-guided management strategy in patients with chronic HF aged ≥60 years with symptoms corresponding to New York Heart Association (NYHA) ≥II, HF-related hospitalization within 12 months prior to inclusion, and an age-adjusted elevated NT-proBNP plasma concentration (>400 ng/L in those <75 years, >800 ng/L in those ≥75 years). Patients with both reduced (n=499) and preserved (n=123) left ventricular ejection fraction (LVEF) were included between January 2003 and December 2006. The study was approved by the local ethics committees, and all participants provided written informed consent. For the present analysis, patients in sinus rhythm and without any pacemaker (bradypacing, cardiac resynchronization; patients with defibrillators and pure VVI backup pacing were not excluded) throughout the trial were eligible (n=327). HR was measured in the supine position after at least 1 minute of supine rest. HR in the upright position was measured immediately after getting up by pulse palpation or an automated blood pressure monitor, and DHR was calculated as the difference between HR in the upright and supine positions. Thus, a positive value for DHR indicates a rise in HR upon standing, whereas a negative value indicates a fall in HR after getting up. This measurement of the HR at rest and after getting up was part of the study protocol, and data were collected in a prospective manner. The present analysis is based on the 321 patients with complete data on HR in the supine and upright positions. Patients were followed in the outpatient clinics after 1, 3, 6, 12, and 18 months. Medical treatment was prescribed in accordance with predefined escalation rules either to reduce symptoms to NYHA ≤II or also to reduce NT-proBNP below the age-specific target level (<400 ng/L in patients <75 years, <800 ng/L in those ≥75 years) as described in the design paper of TIME-CHF. 11 The primary endpoint of TIME-CHF was 18-month survival free of any hospitalization. Secondary endpoints included survival and survival free of HF-hospitalization at 18 months. For the present analysis, survival free of HF-hospitalization was the primary endpoint, and the other two were secondary endpoints.
Statistical Analysis
Descriptive statistics are expressed as meanAEstandard deviation, or median (interquartile range) for continuous variables and as numbers and percentages for categorical variables. Distribution of continuous data was assessed using Kolmogorov-Smirnov tests. First, the association between DHR and outcomes was examined using univariate Cox regression. Then, best cutoff for DHR to predict death or HF hospitalization based on log-rank testing was performed. Characteristics of patients with DHR above and below this cutoff were compared by chi-squared tests for categorical variables and by t tests or Mann-Whitney U tests for continuous variables, as appropriate. Kaplan-Meier curves were constructed for calculating the time-dependent occurrence of events in patients with DHR above and below this cutoff, and for comparison between these groups the log-rank test was used. To test the independence of the association between DHR (as a continuous and dichotomized variable) and outcomes, multivariate Cox regression was performed after testing the proportional hazard assumption. A stepwise backward model was used. To account for the number of events, the number of covariates was limited to those with the strongest association with the dependent variable based on Wald score in addition to the variable of interest DHR. For the model with death or HF hospitalization as the dependent variable, the following covariates were included in the model: age, ischemic HF etiology, NT-proBNP (log 10 -transformed), estimated glomerular filtration rate (eGFR), hemoglobin, peripheral arterial obstructive disease (PAOD), NYHA functional class, presence and extent of rales (4 categories), and b-blocker use at baseline. For the model with death as the dependent variable, the following covariates were included in the model: ischemic HF etiology, NT-proBNP (log 10 -transformed), eGFR, hemoglobin, NYHA class, and presence and extent of rales. The results of these models are presented in the tables. We also tested whether adjustment of this final model for sex, body mass index, and diabetes changed the findings, and the results of these analyses are mentioned in the text. Interactions between DHR and patient characteristics were analyzed using Cox regression with DHR and a second covariate and the interaction term forced into a model. In particular, the interactions between DHR and age, resting heart rate, NT-pro-BNP-guided therapy (ie, allocation to the NT-proBNP-guided arm), LVEF stratum (LVEF <45% vs ≥45%), diabetes, and baseline b-blocker use were tested 1 at a time. To illustrate the prognostic value of the multivariate model, we constructed a 5-point score including the following items: DHR ≤3 bpm, ischemic HF etiology, eGFR <47 mL/ min per 1.73 m 2 , no b-blocker use at baseline, and the presence of rales at baseline. One point was allocated for each item. Thus, the maximal score was 5 points, and the minimal score was 0 points. Because there were few patients with 0, 4, and 5 score points, the following 3 risk categories were built for comparison using Kaplan-Meier curves and logrank tests and Cox regression, respectively: 0 or 1 point, 2 points, and 3, 4, or 5 points.
To also assess the prognostic value of changes in DHR over time we performed a landmark analysis in which patients with available DHR measurements at baseline and 6 months and without event during the first 6 months were included. Within this population, the association between the change in DHR from baseline to month 6 and death or HF hospitalization during the following 12 months was assessed. Bootstrapping (1000 bootstrap samples) was used to calculate 95% confidence intervals (95% CI) and P-values in Cox regression analyses. The level of statistical significance was set at a 2-tailed probability value ≤0.05. For interactions a P<0.1 was considered relevant. Statistical analysis was performed using the IBM â SPSS â for Windows â software (version 22.0, SPSS â Inc, Chicago, IL).
Results
Patient Characteristics
The study population consisted of 321 patients (57% men) with a mean age of 76AE8 years and a mean LVEF of 34AE12% ( Table 1 ). The mean HR in the supine position in the entire population was 74AE13 bpm. The mean HR after getting up was 78AE13 bpm, and the mean ΔHR was 5AE6 bpm.
Univariate Association Between ΔHR and Outcomes
There were 100 (31%) patients who experienced the primary endpoint of HF hospitalization or death. The optimal threshold for ΔHR to identify subjects experiencing death or HF hospitalization was a DHR ≤3 bpm with only marginally less discriminative value for both ≤2 and ≤4 bpm (data not shown). As shown in Figure 1 , patients with ΔHR ≤3 bpm had significantly worse HF hospitalization-free survival, survival, and hospitalization-free survival compared to those with ΔHR >3 bpm. Thus, in the following, patients with DHR ≤3 bpm and those with DHR >3 bpm are compared for descriptive purposes.
Baseline Characteristics of Patients With DHR ≤3 bpm Vs DHR >3 bpm
As shown in Tables 1 and 2 , patients with Δ HR ≤3 bpm were more likely to have diabetes, more often had peripheral edema, and were less likely to be on digoxin than those with ΔHR >3 bpm. Otherwise, there were no significant differences in baseline characteristics and HF medication.
Multivariate Association Between ΔHR and Outcomes
In Tables 3 and 4 , univariate and multivariate predictors of HF hospitalization-free survival and survival are shown with models with DHR as a dichotomized variable (DHR ≤3 bpm vs >3 bpm). As shown in Table 3 , ΔHR ≤3 bpm was an independent predictor of HF hospitalization or death along with ischemic HF etiology, lower eGFR, presence and extent of rales at baseline, and no b-blocker use at baseline. When used as a continuous variable, DHR (HR 0.95 [95% CI, 0.91-0.99] per bpm increase; P=0.02) was also an independent predictor of HF hospitalization or death along with the same covariates as in the model with DHR as a dichotomized variable (data not shown). Adjustment of the multivariate models for sex, body mass index, and diabetes did not significantly change the results (data not shown).
As shown in Table 4 , ΔHR ≤3 bpm was an independent predictor of death along with ischemic HF etiology and presence and extent of rales. Patients with DHR ≤3 bpm had a more than doubled risk of death compared to those with DHR >3 bpm (HR 2.01 [95% CI, 1.16-3.47] P=0.003). Adjustment of the multivariate models for sex, body mass index, and diabetes did not significantly change the results (data not shown). When expressed as a continuous variable, ΔHR failed to remain in the model as an independent predictor of death (HR 0.95 [95% CI, 0.90-1.00] per 1 bpm increase; P=0.05). In this model, ischemic HF etiology, lower eGFR, and the presence of rales were independent predictors of death (data not shown).
In Figure 2 , the prognostic value of the 5-point score built from the multivariate model including DHR is shown. Patients with a score of 3 points or more had a more than 8-fold risk of HF hospitalization or death and death compared to those with 0 or 1 point. There were no significant interactions between allocation to treatment strategy (NT-proBNP-guided vs symptomguided), resting heart rate, baseline b-blocker use, or diabetes with the prognostic impact of ΔHR on outcomes. There was an interaction between age if expressed as a dichotomized variable (<75 vs ≥75 years) and the prognostic impact of ΔHR on HF hospitalization-free survival (P=0.07 for ΔHR as a continuous variable and P=0.07 for ΔHR as a dichotomized variable) and survival (P=0.04 for ΔHR as a continuous variable and P=0.09 for ΔHR as a dichotomized variable) in that low ΔHR predicted poor outcome in younger but not in older patients. There was, however, no interaction between age expressed as a continuous variable and the prognostic impact of ΔHR. There was also an interaction between the LVEF stratum (LVEF <45% vs ≥45%) and the association of DHR (both as continuous or categorical variables) with the endpoint of death or HF hospitalization (P=0.09 and 0.07, respectively) in that the association between lower DHR and worse outcomes (death or HF hospitalization) was somewhat stronger for patients with preserved LVEF.
Changes in HR Over Time and Impact on HF-Hospitalization-Free Survival
There were 229 patients alive at 6 months and without HF hospitalization during the first 6 months who had available data on ΔHR at baseline and month 6. The mean change in ΔHR from baseline at month 6 was 0AE9 bpm (P=0.57 for overall comparison baseline vs month 6). There were 107 patients with a decrease in ΔHR, 27 patients with unchanged ΔHR, and 95 patients with an increase in ΔHR. A more positive change in ΔHR from baseline to month 6 was not significantly associated with a lower risk of HF hospitalization or death (hazard ratio 0.96 [95% CI, 0.92-1.002] per 1 bpm increase; P=0.07), but patients with an increase in ΔHR from baseline to month 6 by <2 bpm (optimal cutoff; n=138) had a significantly higher risk of HF hospitalization or death than those with an increase in ΔHR from baseline to month 6 by ≥2 bpm (n=91; hazard ratio 2.13 [95% CI 1.12-5.00]; P=0.027; Figure 3) .
Patients with an increase in ΔHR from baseline to month 6 by <2 bpm were characterized by a higher ΔHR (7AE6 vs 2AE5 bpm; P<0.001) and a lower eGFR (55AE21 vs 60AE18 mL/min per 1.73 m 2 ; P=0.03) at baseline compared to those with an increase in ΔHR from baseline to month 6 by ≥2 bpm. Otherwise, there were no significant differences in baseline characteristics between groups including medication.
Patients with an increase in ΔHR from baseline to month 6 by <2 bpm were less likely to be prescribed a higher dose of spironolactone or to be started on spironolactone at baseline as part of the study protocol (12/138 vs 17/91; P=0.03), and the same tended to be the case at the month 1 visit (9/138 vs 13/91; P=0.05). Otherwise, there were no significant changes in the titration of HF medication from baseline to month 3 (data not shown). Given the possible impact of congestion on DHR, we looked at the association between changes in edema and changes in DHR. However, the proportion of patients with a reduction in edema severity did not differ between patients with a change in ΔHR from baseline to month 6 by <2 bpm vs ≥2 bpm (reduction in edema 31 vs 23, unchanged edema 98 vs 57, worsening of edema: 9 vs 9; P=0.47).
Discussion
We showed that DHR provided prognostic information in patients with chronic HF, particularly in younger patients. The association between ΔHR and a HF hospitalization-free survival remained statistically significant in the multivariable analysis. We also showed that DHR is modifiable and that changes in DHR over time also predicted outcomes. These findings may imply that this easy-to-perform and easyto-repeat test may be a novel prognostic marker in patients with chronic HF with potential clinical applicability.
ΔHR is a simple test that can be performed at the doctor's office within a short time, and its concept as a tool to assess the autonomic response to a physiological stimulus is plausible and biologically intuitive. We must acknowledge that the exact pathophysiological correlate of ΔHR is unknown, and given the methods used in our study, it is 95% CI indicates 95% confidence interval; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal-pro-B-type natriuretic peptide; NYHA, New York Heart Association; PAOD, peripheral arterial obstructive disease. *Semiquantitative 4-point scale (hazard ratio for increase by 1 class).
likely that we assessed neither the maximum baroreflexmediated rise in HR nor the nadir of the relative bradycardia thereafter. Rather, our measurement likely reflects an average HR throughout this period of HR dynamics after getting up or even the more or less stable HR that is established after 2 minutes at least in healthy subjects. 10 Still, we assume that DHR as assessed in the present study reflects the integrity or defect, respectively, of the mechanisms responsible for an increased sympathetic outflow to the heart after a person gets up. We have not demonstrated how well DHR reflects established measures of autonomic tone in HF, including HR variability, 4 HR recovery, 3 norepinephrine spillover, 2 baroreflex sensitivity, or muscle sympathetic nerve activity. 8 Further studies will be required to better define the pathophysiological correlates of DHR. It might, for example, be considered that DHR depends on the presence and extent of congestion because congestion could limit the venous capacitance on standing and thereby attenuate the stimulus for the rise in HR with standing. Indeed, patients with lower DHR had more severe edema at baseline. However, we were unable to demonstrate an association between changes in edema severity and changes in DHR over time. This may, however, be due to the fact that changes in DHR were assessed in only a subgroup of patients surviving until month 6 without event, and thus, the sickest patients were excluded from this analysis. There was an association between changes in DHR over time and treatment with spironolactone, which may be regarded as indicative that neurohumoral antagonism and/or reduction of congestion had a favorable impact on DHR.
We have shown that the prognostic value of DHR is independent of established markers of HF severity, in particular eGFR. 13 Furthermore, the subgroup analysis suggested that DHR is modifiable and that its changes over time are also associated with prognosis. Thus, these observations raise the possibility that DHR could be used as a biomarker that is measured serially to assess the effect of treatment. This seems to be particularly promising in patients younger than 75 years. Still, the hypothesis-generating nature of our study needs to be emphasized, and the findings need confirmation in other cohorts. There was also an interaction between the LVEF stratum and the ability of DHR to predict outcomes in that the association between DHR and death or HF hospitalization was somewhat stronger in patients with preserved LVEF. Cautious interpretation of this finding is required, however. The group of patients with preserved LVEF in TIME-CHF was small, and this was particularly true for this post-hoc analysis for which patients with atrial fibrillation were not eligible. The spectrum of DHR values was relatively narrow, and even in patients with good prognosis, the rise in HR on standing was small. This is not a surprising finding in this population of elderly patients with advanced HF, however. The original study by Ewing et al 10 had shown that the magnitude of HR response to standing depends on age and disease status (diabetes, neuropathy). One might argue that this relatively narrow range of DHR in HF may limit the applicability of the parameter in practice. Thus, the clinically most meaningful DHR cutoff will have to be defined. On the other hand, we were able to show that not only absolute DHR cutoff but also individual changes in DHR are important. Our study has some limitations in addition to those already discussed. First, the number of patients in this post-hoc analysis was limited. Thus, our results will need confirmation in a larger population of HF patients, and it will be important to investigate whether treatment responses depend on DHR and how patients with low DHR must be treated to improve their outcomes. Second, we studied a population with a high proportion of patients on b-blocker therapy, and the effect of b-blocker therapy on DHR is unknown. An early pathophysiological study has revealed that the above-described HR response to standing is under vagal control. 10 However, adjustment for baseline b-blocker dosage did not alter the results (data not shown), and there was no interaction between baseline b-blocker use and the association between DHR and outcomes. Importantly, we were able to demonstrate that DHR is a prognostic predictor in a population treated with b-blockers in a high proportion of patients, which represents the situation in real life. Third, DHR assessment by manual pulse palpation or an automated blood pressure monitor may be less accurate than continuous ECG monitoring. On the other hand, we showed that DHR as a true bedside test has the potential to predict outcomes. Still, the optimal method of DHR assessment will have to be defined. Finally, we have not performed a formal assessment of the reproducibility of DHR, which will be required before the parameter can be used in clinical practice.
Conclusions
DHR as a simple clinical parameter and presumed marker of autonomic function provides independent prognostic information in patients with chronic HF. DHR is modifiable, and changes in DHR over time are also predictive of outcomes. These findings imply that this easy-to-perform and easyto-repeat test may be a novel prognostic marker in patients with chronic HF with potential clinical applicability.
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